The 1.5 Seyfert galaxy NGC 3516 presents a strong time variability in X-rays. We re-analyzed the 9 observations performed on October 2006 by XMM-Newton and Chandra in the 0.3 to 10 keV energy band. An acceptable model was found to the XMM-Newton data fitting EPIC-PN and RGS spectra simultaneously; later, this model was successfully applied to the contemporary Chandra high resolution data. The model consists of a continuum emission component (power law + blackbody) absorbed by four ionized components (warm absorbers), and ten narrow emission lines. Three absorbing components are warm, producing features only in the soft X-ray band. The fourth ionization component produces FeXXV and FeXXVI in the hard-energy band. We study the time response of the absorbing components to the well detect changes in the X-ray luminosity of this source, and find that the two components with the lower ionization state show clear opacity changes consistent with gas close to photoionization equilibrium. These changes are supported by the models and by differences in the spectral features among the nine observations. On the other hand, the two components with higher ionization state do not seem to respond to continuum variations. The response time of the ionized absorbers allows us to constrain their electron density and location. We find that one component (with intermediate ionization) must be located within the obscuring torus, at a distance 2.7×10 17 cm from the central engine. This outflowing component is likely originated in the accretion disk. The three remaining components are at distances larger than 10 16−17 cm. Two of the absorbing components in the soft X-rays have similar outflow velocities and locations. These components may be in pressure equilibrium, forming a multi-phase medium, if the gas has metallicity larger than the solar one (Z 5Z ). We also search for variations in the covering factor of the ionized absorbers (although partial covering is not required in our models). We find no correlation between the change in covering factor and the flux of the source. This, in connection with the observed variability of the ionized absorbers, suggests that the changes in flux are not produced by this material. If the variations are indeed produced by obscuring clumps of gas, these must be located much closer in to the central source.
Introduction
In ∼ 50% type 1 Active Galactic Nuclei (AGN) (e.g. George et al. (1998) ; Piconcelli et al. (2005) ) absorption lines are detected in the far UV and the soft X-ray spectral ranges (Mathur et al. 1995 (Mathur et al. , 1997 . These lines, which are blue-shifted, are generated by several ionized species. Nearly one hundred features are produced in these media with outflow velocities of the order of few hundred to thousand kms −1 (Crenshaw et al. 2003; Krongold et al. 2003) . The location of this absorbing material, referred to as the warm absorber (WA) (Halpern 1984) remains uncertain. Suggestions range from the accretion disk itself (Elvis 2000; Krongold et al. 2005a Krongold et al. , 2007 Krongold et al. , 2010 Longinotti et al. 2013) to the obscuring torus (Blustin et al. 2005 ) and the narrow-line region (e.g. Ricci et al. (2010) ). There are several models that attempt to explain the distribution and physical conditions of the absorbing gas. One of them proposes that different WA phases can coexist in pressure equilibrium, a multiphase medium (Krongold et al. 2003 (Krongold et al. , 2005b Cardaci et al. 2009 ). Another one suggests that the material, also in pressure equilibrium, is distributed with a radial stratification (Różańska et al. 2006) . Most X-ray analysis have been based on photoionization models (e.g. Netzer et al. (2003) ; McKernan et al. (2007) ; AndradeVelázquez et al. (2010) ; Longinotti et al. (2010) ), where the properties of the absorbing gas are described in terms of the Hydrogen equivalent column density and its ionization state. These studies have yielded WA multiphase winds with equivalent column density values N H ∼ 10 21−23 cm −2 . In this kind of models, the ionization state of the WA components is characterized by the ionization parameter (here defined as U = Q 4πR 2 n H c , where Q is the rate of 0.013-100 keV photons produced in the source, R the distance between the black hole and the accretion disk system to WA location, n H the Hydrogen number density and c the light speed). As noted by Nicastro et al. (1999) and Krongold et al. (2007) there is a degeneracy in this formula, as only the product n e R 2 can be inferred from observables. However, time variability analysis solve this problem: by measuring the response time of the absorber to variations in the impinging continuum, the density n H can be estimated (Nicastro et al. 1999 ) and therefore the distance from the source to the ionized absorber can be constrained (see also Krolik & Kriss (1995) ; Reynolds et al. (1995) ; Krongold et al. (2007 Krongold et al. ( , 2010 ).
Studying the properties of the absorbing material is of great importance, as it has been suggested that these outflows can play an important role in galaxy evolution. If the outflowing material is a significant fraction of the accreted mass they can provide the feedback proposed by the cosmological models (Di Matteo et al. 2005; Hopkins et al. 2006) ).
Seyfert 1.5 galaxy NGC 3516
NGC 3516 is a Seyfert 1.5 galaxy (Véron-Cetty & Véron 2006) at z = 0.00886 (Keel 1996) that presents an extreme X-ray flux variability (Edelson et al. 2000; Netzer et al. 2002; Turner et al. 2008; Markowitz et al. 2008) . NGC 3516 is also extremely variable in optical and UV emission (see as examples: Voit et al. (1987) ; Walter et al. (1990) ; Crenshaw et al. (1998) ; Goad et al. (1999) ; Edelson & Nandra (1999) ; Maoz et al. (2002) ; Kraemer et al. (2002) ).
The source has been observed in X-rays from 1979 (Maccacaro et al. 1987 ) to 2009 (Turner et al. 2011 ) with all the X-ray observatories (Kolman et al. 1993; Nandra & Pounds 1994; Morse et al. 1995; Kriss et al. 1996; Edelson & Nandra 1999; Costantini et al. 2000; Guainazzi et al. 2001; George et al. 2002; Turner et al. 2008 Turner et al. , 2011 . NGC 3516 presents a complex spectrum: in the soft X-ray range (0.3 -2 keV), the spectrum shows the so-called Soft Excess, several absorption features attributed to the presence of warm absorbers and few emission lines (Costantini et al. 2000; Guainazzi et al. 2001; George et al. 2002; Turner et al. 2005 Turner et al. , 2008 Mehdipour et al. 2010 ). In the hard band (2 to 200 keV), it presents the fluorescence Iron emission line Kα and two absorption lines by FeXXV and FeXXVI. To fit the hard band X-ray continuum of this source Turner et al. (2005) fitted a Power Law, finding a Photon Index Γ ∼ 2 in the 10 -200 keV regime. Also Markowitz et al. (2008) fitted an absorbed Power Law with Γ = 2 over the 0.3 -76 keV range. Recently, Mehdipour et al. (2010) reported a significant change in the slope of the Power Law among 2006 XMM-Newton observations: Γ varied from 1.70±0.2 to 1.85±0.2, in addition to significant changes in the 0.2 to 10 keV range flux.
To model the Soft Excess emission Markowitz et al. (2008) added a second Power Law, with the same Photon Index as the primary power law but not obscured by any absorber. Mehdipour et al. (2010) added a modified Black Body component which describes the spectrum of a Black Body reprocessed by coherent Compton scattering. The best fit temperature varied from 186±3 eV to 211±4 eV. We note that the Soft Excess physical interpretation is still an issue (see Ricci et al. (2010) ).
Previous analysis of the Ionized Absorber in NGC 3516
The complex absorption in NGC 3516 soft X-ray band was detected by two strong absorption features at 0.74 and 0.87 keV with ROSAT (Mathur et al. 1997) and ASCA X-ray telescopes . These features were originally interpreted as absorbing K edges due to OVII and OVIII bound-free transitions. More recently, a few high ionization absorption components producing both absorption lines and edges have been detected in high resolution spectra. Turner et al. (2005) reported three ionization states: (1) a "cool" absorber with a column density N H ∼6×10 21 cm −2 and an outflow velocity v out =-200 km s −1 (all the outflow velocities in this work were fixed to a given value), associated with the "UV absorber" found by ; (2) Turner et al. (2008) interpreted the flux variations in the X-ray band as the result of variations in the covering fraction of the "heavy absorber".
Using low resolution Suzaku data, Markowitz et al. (2006) found two absorbing components: A "primary absorber" with properties consistent with the "heavy" absorber reported by Turner et al. (2008) (although with a covering fraction of 96 -100%) and a mildly-ionized medium, consistent with the "UV absorber". Mehdipour et al. (2010) analyzed the XMM Newton data of the source. They detected the same three absorbing components as Turner et al. (2008) , but they reported that partial covering is not required by the data for the heavy absorber. If these authors impose a partial absorber in their models, they further find that variations in the covering fraction are not consistent with the data (in contrast to the results by Turner et al. (2008) ).
Finally, Holczer & Behar (2012) found a kinematic structure in the absorber, consisting in four different outflow components intrinsic to NGC 3516: (1) v out =-350 ± 100 kms −1 , (2) v out =-1500±150 kms −1 , (3) v out =-2600±200 kms −1 , and (4) v out =-4000±400 kms −1 . Holczer & Behar (2012) analyzed the Chandra high resolution spectra obtained in 2001 and 2006. They detect variability in this structure, noting that the high velocity components are only present in the 2006 observations. They further report that the covering factor plays a minor role in the absorption lines.
In the UV band Kraemer et al. (2002) have reported eight different kinematic absorbing components. Using data obtained by the GHRS (Goddard High Resolution Spectrograph) on board the Hubble Space Telescope (HST), these authors detected four of these components through Lyα, CIV, and NV absorption lines with radial velocities of -376, -183 and -36 kms −1 (where the last system is comprized by a blend of two different kinematic components). Later on, the other four kinematic components were detected with the Space Telescope Imaging Spectrograph (STIS) on board the HST. These components present radial velocities of -692, -837, -994, and -1372 kms −1 . These authors suggest that the emergence of the new components is the result of variations of ionized gas in response to changes in the ionizing continuum.
X-ray Variability on NGC 3516
As it has been reported NGC 3516 presents strong flux variations in time, from the optical-UV to the X-rays (see for example Koratkar et al. (1996) and Kraemer et al. (2002) ). The source presents extreme X-ray flux variations, by a factor of 5 on timescales of hours (Turner et al. 2008) , and by a factor of 50 in timescales of years . These variations are often associated with spectral changes (e.g. Netzer et al. (2002) ; Turner et al. (2008) and references therein) not only in the energy flux, there is evidence of spectral features variability (Mathur et al. 1997; Netzer et al. 2002; Turner et al. 2008; Holczer & Behar 2012) . To understand the nature of the variability, some scenarios invoking obscuration have been proposed: Costantini et al. (2000) suggested neutral clouds that hide the central source (using Beppo SAX telescope spectra), Markowitz et al. (2008) (with Suzaku spectra) proposed a model in which flux variations could be explained by the presence of discrete blobs or filaments located within few light years of the black hole, traversing the line of sight during the observation time. Turner et al. (2008) suggested a simple explanation were that only parameter varying among observations (and producing both the flux and spectral variations) is the covering factor of the heavy absorber phase.
Other interpretations suggest that rather, the variations might be intrinsic to the source. Mehdipour et al. (2010) arrived to this conclusion using 2006 XMM Newton spectra.
However, in a most recent X-ray NGC 3516 analysis, using Suzaku 2009 X-ray observations, Turner et al. (2011) claims an absence of reverberation signals. This led them to conclude that intrinsic continuum variability is not possible. They suggested that the variability can be a consequence of Compton-thick clumps of gas in the lineof-slight.
In this paper we present the analysis of all 2006 X-ray observations available in the XMM-Newton Science Archive (XSA) and Chandra Data Archive (CDA) of NGC 3516. We study the both high and low resolution spectra to cover the range between 0.3 keV to 10 keV. We first present the analysis over individual spectra to characterize the spectral components, and then study the time variability of the absorber among observations. In our analysis we find variations in two of the ionized absorbers in response to continuum variations.
Section §2 describes the X-ray observations and the data reduction. In section §3, we present 2006 X-ray data analysis and the best model for XMM data, we also describe the Chandra analysis. Section §4 contains our results, including the time variability behaviour and a physical scenario proposed to explain the X-ray proprieties and the flux variability of NGC 3516. We discuss our results in section 5. Finally in section 6 we present the conclusions.
X-ray Observations and Data Reduction
X-ray observations of NGC 3516 were obtained with XMM-Newton (Jansen et al. 2001) and Chandra X-ray Observatory (Weisskopf et al. 2000) in October 2006. The log of observations is presented in Tables 1 and 2 , for XMM-Newton and Chandra X-ray observatories respectively. In the following we describe the data properties and reduction process.
XMM-Newton Observatory Data
We studied all the NGC 3516 XMM-Newton X-ray spectra from the RGS (Reflection Grating Spectrometer) and the EPIC-PN (European Photon Imaging Camera). The observations were performed between October 6 to October 12 of 2006.
The RGS data were processed with the standard pipeline of Science Analysis System (SAS) v8.0.1 (Gabriel et al. 2004 ). We produced source and background spectra, as well as response matrices for the RGS data with the rgsproc task. The RGS spectra were grouped into two channels per bin. We considered the wavelength range from 8 to 38Å [0.33 -1.55 keV] , that covers most of the soft X-ray band.
EPIC-PN spectra were also generated using SAS. First, intervals of flaring particle background were selected in order to clean the event list using the method presented in Piconcelli et al. (2004) . The spectra were extracted from a circle with center on the observed position of NGC 3516 and radius ∼ 40 in all observations. The background spectra were obtained from a circular region with similar radius in the same chip of the source. No sign of pile-up was detected in any of the observations as reported before by Turner et al. (2008) and Mehdipour et al. (2010) . The source and background spectra were generated with the evselect task. Then, the redistribution matrix and the ancillary files were created with the rmfgen and the arfgen tasks, respectively. The spectra were grouped to a minimum of 20 counts per bin in order to be able to use χ 2 statistics. We selected the interval from 0.3 keV to 10 keV that includes the soft and hard X-ray bands. In Table 1 the net count rate and the exposure time for each obsID and detector of the XMM-Newton observations of NGC 3516 are shown.
Chandra X-ray Observatory Data
The Chandra X-ray observations were performed from October 9 to October 14 in 2006 using the High Energy Transmission Grating (HETGS) with the ACIS-S (Advanced CCD Imaging Spectrometer). The HETGS (Canizares et al. 2000) contains two grating assemblies, the Medium Energy Grating (MEG) and High Energy Grating (HEG). We extracted spectra from both gratings using the Chandra Interactive Analysis of Observations software (CIAO v.3.4, Fruscione et al. (2006) ) (we followed the standard pipeline processes). Negative and positive first-order spectra, and their response matrices were obtained and co-added. The spectra were grouped into two channels per bin. The count rates and the exposure time in the Medium Energy Grating and High Energy Grating spectra are given in Table 2 .
Data Analysis

Time Variability
The 2006 X-ray observations of NGC 3516 were performed with almost continuous time coverage (with XMM-Newton and/or Chandra) in a time scale of nine days (see Tables 1 and 2 ). We have numbered the observations in sequential order according to the date of observation, and further included a x suffix if performed by XMM-Newton or a c suffix if obtained with Chandra.
There is strong flux variability among different observations with the same observatory (compare count rates for observations with the same observatory/instrument in Tables 1 and 2 ) and within single observations. A detailed light curve of the nine observations can be observed in Figures 1 and  2 of Turner et al. (2008) . In this paper, we study the temporal evolution of the absorbing components in response to these flux changes.
XMM-Newton Spectral Analysis
We performed the analysis of the XMM-Newton observations using simultaneously both the EPIC-PN and RGS data sets. All spectra were analyzed with the Sherpa (Freeman et al. 2001 ) package included in the CIAO software. Throughout the paper, we attenuate all models with an equivalent H column density N H =3.23×10 20 cm −2 (Dickey & Lockman 1990) to account for the Galactic Absorption in the line of sight towards NGC 3516.
Analysis in the X-ray Hard Energy Band
First, we modelled the NGC 3516 EPIC-PN spectra in the 2.5 -10 keV band. We fit the data using a redshifted Power Law model plus a Gaussian to account for the Fe-Kα emission line reported by Turner et al. (2008) and Mehdipour et al. (2010) . This model presents strong negative residuals around 7 keV, confirming the two significant absorption lines reported by Turner et al. (2008) and Mehdipour et al. (2010) , corresponding to Fe K transitions of FeXXV and FeXXVI. These features were modelled with Gaussians at this initial stage (although a self consistent photoionization model was applied to this absorption system later on). Table 3 lists the best fit parameters for each observation. The model is statistically acceptable for all observations (Table 3) .
X-ray Broad Band Analysis
We fit the EPIC-PN and RGS simultaneously, extrapolating the fit in the hard band to the entire spectrum [0.3 -10 keV] . A soft X-ray excess is evident in the residuals. We fit this emission feature with a Black Body. Initially, we left the temperature of the Black Body free to vary independently among observations. However, since in all XMM-Newton observations the kT value is always around 0.1 keV (see Table 4 ), this parameter was free to vary but constrained to have the same value in all observations (the temperature of the Black Body was linked to a single best fit value among the all observations). The normalization was fit independently in each observation.
This model presents strong residuals in the soft band typical of ionized absorption, due to the well know warm absorber in this source.
Modelling the Ionized Absorber in NGC 3516
There have been several studies of the warm absorbers in NGC 3516, reporting a different number of ionization components. In order to establish the ergs/sec and D10 is the distance to the source in units of 10 kpc presence of each component, we decided to add one absorber component at a time in our models. This allows us to test statistically its presence, and also to inspect visually its contribution to the overall opacity. The PHASE code (Krongold et al. 2003 ) was used to fit the warm absorbers (WA). The model has four free parameters: 1) The ionization parameter U (U = Q 4πR 2 n H c ) 1 ; 2) the equivalent Hydrogen column density N H ; 3) the outflow velocity v z ; and 4) the internal micro-turbulence velocity v turb . The spectral energy distribution (SED) of the source, also required in the models, was obtained from NED (NASA/IPAC Extragalactic Database) between the radio and the UV regimes, and complemented with our fits to the X-ray band. The SED is shown in Figure 1 .
We note that the estimated errors in the outflow velocity of the absorber are too small, in general, smaller than the resolution of the detectors. For this reason, throughout the paper we consider a conservative error in this parameter as half the minimum spectral resolution of the RGS (700 kms −1 in 15Å): ∆v out = 350 km s −1 . We prefer this conservative value given that the fits to the data include several blended absorption lines from different charge states as well as the blend of several velocity components present in absorption.
Our first model (Model A) consists of a single ionization component, and an F-test confirms its presence with > 99.99% confidence level for all observations. This component models absorbing lines produced mainly by OVII, OVIII, as well as part of the Fe M-shell unresolved transition array (UTA), among others. The outflow velocity is -532±350 kms −1 .
Model B included a second WA absorbing phase. A statistically better fit than Model A is supported by an F-test (> 99.99% of significance for all XMM-Newton observations). The second absorber fits absorption lines with higher level of ionization, mainly Fe L-shell absorption from charge states XVII to XXII, also including absorption by NeX. The outflow velocity is higher
, where Q is the rate of 0.013-100 keV photons produced in the source, R the distance between the black hole and the accretion disk system to WA location, n H the Hydrogen number density and c the light speed. also, -1845±350 kms −1 . We note that the two ionized absorption phases had different U and N H values among observations. We will analyze these changes in section 4.1.
Given that residuals were still present, we further included a third WA phase (Model C). At the beginning, all the parameters were free to vary. However, for each absorbing component, the bestfit value of the outflow velocity v out among the observations was similar, with differences lower than the RGS resolution: 700 kms −1 (in 15Å). Thus, we left the outflow velocity of each absorber as a free parameter, but constrained it to have the same best-fit value in all the observations (we link this parameter in the models for all observations, assuming no acceleration or deceleration in the flow during the total observing time). Given that the best fit values of the turbulent velocity v turb were also very similar among observations, with differences lower than RGS resolution, we performed the same procedure with the turbulent velocity, linking this free parameter to a single value in all datasets. According to an F-test, the third absorber included in model C is statistically required by the data (probability > 99.99%). This third absorber is modelling low ionization lines produced by charge states such as NeV, and NeVI, and a fraction of the Fe M-shell UTA. This component had an outflow velocity best-fit value higher than the other two absorbers, v out =-2425±350 kms −1 .
Thus, this final model includes of 3 absorbing components. The first one consists of a medium level of ionization (hereafter phase MI); the second phase presents high ionization (hereafter phase HI) and the third one is produced by low ionized gas (hereafter phase LI). Tables 5  and 6 summarize the models applied in the four XMM-Newton spectra.
Although the data does not present strong residuals consistent with additional absorption features, we tested a possible fourth WA component in the soft X-ray RGS data. An F-test does not show a statistic improvement over Model C.
Emission Features in the Spectra
The presence of positive residuals in the spectra, associated to emission lines in the rest Table 5 Models to fit NGC 3516 in XMM-Newton observations In model C we referred the vout and vout to the values of observation 1x, however the final values were fitted taking into account the four XMM-Newton observations. Table 7 Emission Lines in the Soft Band of XMM-Newton and Chandra. 1.4 ± 0.5 2.4 ± 0.6 1.9 ± 0.05
1.9 ± 0.05 9.8 ± 3.2 3.9 ± ... 1.5 ± 0.9 2.6 ± 1.3
1.5 ± 1.8
3.4 ± ... frame of the object, is evident in the data. Through a detailed visual inspection we identified nine emission features using ATOMDB version 1.3.1 from the Chandra X-ray Center (http://asc.harvard.edu/atomdb/WebGUIDE/), and modelled them with Gaussian components. The Full Width at Half Maximum (FWHM) was fixed to 300 kms −1 , given that they are not resolved. We found two emission lines corresponding with Ne transitions (NeVI and NeIX), five corresponding to OVII, three of them belong to the triplet between 21.6-22.1Å, and two lines of highly ionized Iron (FeXIX and FeXXI). Table 7 shows the nine emission lines detected in the soft X-ray band for each observation.
We stress that not all the emission lines were detected in a significant way in all the observations. However, the fluxes of all lines are consistent with each other among all the observations, with the only exception of the OVII-Kα transition at λ 21.6 A. The differences in this transition are probably due to the strong blending of this line with the strong absorption feature produced by the WA. We point out that Mehdipour et al. (2010) only modelled one emission line in the soft X-ray energy band, namely OVII (f). These authors only include this feature as it is the only one significant in all observations. Nevertheless, in their Figure 6 it is possible to observe residuals coincident with the emission lines identified here. For instance at wavelengths around λ ∼13.8, ∼17.8, ∼18, ∼22.2 and ∼ 29.2Å.
Summarizing, our final model consists of Model C (including the 3 absorbing component in the soft band) plus the fourth absorbing phase (VH) in the hard band, plus the nine emission lines described above. The figures with the final models (including a simultaneous fit to the Chandra and XMM data, see §3.3) are presented in Figures 2, 3 , 4, 5 and 6. Table 8 
Simultaneous XMM-Newton and Chandra Spectral Analysis
Once we had a satisfactory fit with XMMNewton, we proceeded to model the contemporary Chandra spectra. We fit the Chandra data applying a model consisting of Model C (including the three ionized absorbers detected in the soft energy band) plus the nine emission lines included in the XMM-Newton fits. Both MEG [2 -25Å: 0.5 -6.2 keV] and HEG data [1.6 -15Å: 0.8 -7.7 keV] were fitted simultaneously.
All nine observations (including those from XMM-Newton and Chandra) were fitted simultaneously leaving free to vary independently in each observation the Photon Index and normalization of the Power Law, and the normalization of the Black Body. The temperature kT [keV] of the Black Body emission was free to vary, but constrained to have a single value in all data. The ionization parameter and the column density of the three absorbing components was also fitted independently among different observations. However, as before, the outflow and turbulent velocities of each phase were free to vary, but linked between the nine observations to give a single best-fit value.
The best fit parameters of this final model are presented in Table 9 . The fits over the high resolution (RGS) spectra are shown in Figures 2,3, 4 and 5 for observations 1x, 2x, 5x and 8x respectively. The MEG of Chandra data and best fit models are shown in Figure 6 . All statistical results are satisfactory with χ red ∼1 (Table 9) . We note that the values for the ionization parameter and column density on each XMM-Newton observation are consistent within 35% (and within the errors) with those found over the fits excluding the Chandra data (Model C, §3.2).
We further included in our models the fourth absorbing component (present only in the hard energy band), leaving free to vary independently among the observations the ionization parameter and column density, but constraining the outflow and turbulent velocities to a single best-fit value in all observations. Our results are summarized in Tables 9 and 10. Finally, given that the outflow velocities of components HI and LI are similar, we tried a model with these parameters linked to a single value for both components. The warm absorber best fit parameters did not change significantly than with the Model C, §3.2. The velocity found for those two phases (phase HI and LI) is v out = −1905 ± 350 kms −1 .
Fitting the two absorption features in the hard X-ray band of XMMNewton and Chandra
We included in our models a fourth WA component with a very high ionization level, to fit the two absorption lines detected in the hard band (these lines were initially identified with transitions by FeXXV and FeXXVI and fitted with Gaussians over the EPIC-PN data). This fourth absorber was modelled only on the EPIC-PN data of XMMNewton from 3 to 10 keV and the HEG (High Energy Grating) spectra of Chandra in the 3 -7.7 keV hard X-ray band. An F-test gives us a confi- dence level l arger than 99.99% for the existence of this absorber (hereafter VH) in all XMM-Newton observations. We found logU ∼ 3.8 and logN H ∼ 23.2 (see Table 10 ). Figure 7 shows the spectra and best fit over the EPIC-PN data.
It is important to clarify that the hard X-rays were fitted separately of the soft X-ray band. However, to fix the power law in the soft energy band we took account into the hard band in the fit, with the aim to have the best fit value connected with the soft energy band. We also note that the soft absorbers have no effect on the hard energy band.
First, we fitted simultaneously three spectra of each XMM-Newton observation, RGS 1 & RGS 2 [8 -38Å:0.33 -1.55 keV] and EPIC-PN spectra in the energy range of 0.3 -10 keV, the EPIC-PN spectra were included with the aim to obtain the best parameter of the power law. Then, we fitted the Fe-Kα emission line in 6.38 keV and two absorption lines of FeXXV and XXVI in 6.7 and 6.96 keV respectively. In this model (MODEL C) were included 10 emission lines in the soft energy band. The model C was applied successfully into the five spectra of MEG [2 -25Å:0.5 -6.2 keV] and HEG spectra [1.6 -15Å:0.8 -7.7 keV], both Chandra high resolution detectors. Finally we cut the spectra of EPIC-PN from 3 to 10 keV and HEG spectra from 3 -7.7 keV to obtain the fourth and highest ionized absorber VH.
Summary of Results and Comparison with Previous Works
In order to study in detail the variability of the WA in NGC 3516, we have re-analyzed nine different individual observations from XMM-Newton and Chandra satellites. Our results show that the best fit model for all spectra consists of a variable continuum emission absorbed by three partially ionized absorbers (WA) accounting for the soft band and a fourth highly ionized WA detected only in the hard band. Tables 9 and 10 summarize the values of the parameters of this model (Model C) for each observation. As can be observed in these tables, there are significant variations in some parameters of the model among observations. In the following, we discuss the general properties of these absorbers, and defer the time resolved analysis for section 4.1.
The different ionization components produce (at 14.63, 14.45, 14.41, 14.82, 18.97 A) , and the most energetic portion of the Fe Mshell UTA (between 15 and 17Å). The electron temperature associated to phase MI is given by T M I,e = 9.8 × 10 4 K, while the outflow velocity is v out,M I = −605 ± 350 kms −1 . Phase LI produces absorption lines by OVII at ∼ 16.9 -18.6 A and the low energy part of the M-shell Fe UTA (16.5 -18Å). This phase also produces absorption lines by NeV -NeVI between 12 and 14Å. It has an electron temperature T LI,e = 3.0 × 10 4 K and an outflow velocity v out,LI = −2426 ± 350 kms −1 . Figure 8 shows the absorption features produced by each of the three absorbing phases (HI, MI and LI).
On other hand, the fourth hard absorption phase VH produces the Fe K complex in the hard band. Its electronic temperature and outflow velocity are T V H = 7.0×10 5 K and v out,V H = −2649 kms −1 respectevely (see Table 9 ).
Given that several works have analyzed the 2006 X-ray spectra of this source, a comparison among different results is mandatory. In Table  11 we present the different parameters found in the different analyses. We note that the definition of the ionization parameter used by Turner et al. (2008) and Mehdipour et al. (2010) , is different than the one presented here. These authors used the ionization parameter ξ 2 , while our analysis was done with the parameter U 1 . Also, the Spectral Energy Distribution is different in the different analyses. Therefore, a direct comparison of the ionization parameter is not possible. However, all works are in agreement in the sense that all require three different ionized absorbers, each imprinting absorption by similar charge states in the soft X-ray energy band. The fourth highly ionized absorber (found in the hard energy band) reported by Turner et al. (2008) as Zone 4 clearly corresponds with phase VH in this work.
In general, the column densities are also in agreement among the different works. The column density N H of phase LI is similar to that reported by Turner et al. (2008) and Mehdipour et al. (2010) . The values of N H for components HI and VH correspond to those by Turner et al. (2008) for Zone 3 and Zone 4, respectively. We note, however, that there is a significant difference in the column density of the mid-ionized absorber MI with respect to the Zone 2 (Turner et . al. 2008) and Phase B (Mehdipour et al. 2010 ). This change can be explained by the fact that we assumed full coverage for all absorbers in our analysis (but see §4.2.2). The most intriguing difference in this work with respect to previous analyses is present in the different outflow velocities of the absorbers: Phases LI, HI and VH present outflow velocities significantly larger than previously found. Instead, phase MI presents a smaller outflow velocity than the components of middle ionization of these other works. It is worth to mention that in Turner et al. (2005) the velocity of their Zone 1 was fixed to an outflow velocity of -200 kms −1 , but in Turner et al. (2008) a value v out ∼ -1000 kms −1 is reported for this same component. Furthermore, Turner et al. (2008) based the outflow velocities in only 11 absorption lines (see their Table 1 ). Overall, the differences in velocity are likely produced because the different absorption lines are present with a range of velocities, that are not fully resolved in the data. This is further evidenced by Holczer & Behar (2012) , who made a detailed analysis of the kinematic components in the high resolution spectra of Chandra: They found evidence of four kinematic components with different outflow velocities. According to these authors, the slower components (with v out =-350±100 kms −1 and v out =-1500±150 kms −1 ) present a broad range of ionization, while the two faster components (v out =-2600±200 kms −1 and v out =-4000±400 kms −1 ) are more highly ionized. Phases MI, HI and VH of the model proposed in this work are consistent with the results by Holczer & Behar (2012) . The higher outflow velocity of component LI is discussed below, in section 5.2.
Time Variability
In this section, we perform a time resolved analysis of the ionized absorber in NGC 3516. In particular, we identify the parameters that show significant variations among the observations and explore a possible correlation with the changes in flux.
Ionization Parameter U
Phase HI: The most significative change in ionization parameter is given at a level 4σ between observation 8x and the others. This parameter, along the nine observations, is plotted in Figure 9 (top plot). We also plot a scaled version of the flux values. This scaled version of the light curve represents the expected changes of U if the gas were instantly in photoionization equilibrium with the ionizing source (for gas in photoionization equilibrium, changes in flux must be followed by changes by the same factor in U). Clearly, this is not observed in the Figure 9 , indicating that there is no clear response of this component to the flux variations.
Phase MI: This component presents strong significative changes between observations 1x and 5x at 7σ and between observations 5x to 8x at 8σ. Interestingly, these changes are correlated with the flux variations. Among observations 1x, 2x, 3c and 4c, the ionization degree of the phase MI changes by nearly the same factor as the X-ray flux. This indicates that this component is responding to the continuum changes close to photoionization equilibrium.
Phase LI: The most important variations in U are found between observations 1x and 4c and between observations 2x and 5x, both at 4σ. For this phase, there is a reaction to the larger changes in flux in longer timescales, as observed in Figure 9 (bottom panel). From observations 2x and 4c the gas presents a delay in recombining as expected in photoionization equilibrium (PhE). Yet, at the time of observation 5x, the gas seems to have found equilibrium again. As the flux increases from observations 5x to 6c the gas re-ionizes to reach an ionization state consistent again with PhE. Overall, this component also seems to respond, albeit with larger delays and in a more complex way to the changes in the continuum.
Finally, we note that the highest ionization component VH (detected only in the hard Xray band) does not presents significant changes in the ionization parameter. This behaviour is expected because the ionization potential of FeXXV is 8.8 keV and that of FeXXVI is 9.3 keV, and the hard X-rays always vary much less compared to soft X-ray band. Therefore, it is possible that at these relevant energies, the continuum did not vary much. We conclude that the lack of variability cannot be used to use a limit on density for this component.
Table 11
Comparison between the warm absorbers found in Turner et al. 2008 , Mehdipour et al. 2010 and this work . 
Equivalent H Column Density
There are mild variations (by a factor 2.5) in the H equivalent column density along the nine observations, for the three phases detected in the soft X-ray band. The variations are not anti-correlated with the energy flux, as it would be expected in a scenario where the WA consists of material crossing our line of sight, and this material were responsible for producing the flux variation observed in the light curve. Figure 10 shows the changes in this parameter of each ionized phase (phases HI, MI and LI).
In order to study how significant are the changes in column density, we performed a test, fitting all datasets with a single value of N H . The best fit value for this parameter is similar to the values obtained when modelling individual observations, as expected. However, it is noteworthy that the other parameters are fully consistent with those obtained in Model C. In particular, the values for the ionization parameter are the same, within errors, with those found if N H is free to vary in each observation. This implies that the variations found in U are not produced or correlated by possible variations in the column density.
Variations in Spectral Features in the spectra of NGC 3516
Given that the models predict variations in the ionization degree of two ionization phases (MI and LI), we have studied in detail the spectra of the source to identify clear signatures of such variations.
The Iron M-Shell Unresolved Transition Array
This Fe M-shell UTA (Unresolved Transition Array) is extremely useful to look for opacity changes in the absorber phases (as shown by ). To look for these changes, we performed a comparison between spectra 1x and 5x in the 15 -18Å range. Both spectra were normalized using a simple power law to the local continuum. The residuals were over-plotted to search for possible differences. The results are shown in Figure 11 . An evident variation in the position of the Fe UTA can be observed between spectra 1x and 5x (upper panels in Fig. 11 ).
In the bottom panel of Figure 11 we present the expected opacity changes in this spectral region, in response to a variation by a factor of ∼ 2 in the ionizing flux. This change is similar to the flux variation between observations 1x and 5x, so it closely matches an scenario were the gas is in photoionization equilibrium. It is clear that the observed variations are consistent with those expected in photoionization equilibrium for components MI and LI, that produce the UTA. Figure 12 compares the Fe M-shell UTA between different Chandra spectra. This plot shows a similar variability trend (although less significant) between observations 4c and 6c, again pointing to gas close to photoionization equilibrium. Furthermore, no spectral variations are found between observations 6c and 7c, where the flux remains constant.
Testing Possible Changes in Covering Factor
The observed changes in column density (although not very drastic) could be produced by real changes in the total column towards the source or by possible variations in the covering factor of partial covering absorbers. To further investigate this, and to explore if the changes in flux might be connected with changes in covering factor (as suggested by Turner et al. (2008) ), we have also looked at the two extreme XMM-Newton flux states (1x and 5x ). We used two intense Oxygen absorption lines, OVIII-Kα and OVII-Kβ to track these possible changes. As seen in Figure 8 , these two lines track absorption by the three components found in the soft X-ray band. Given that these lines are saturated, their maximum depth should depend mainly in the fraction of the source covered by the absorber (i.e. the residual observed emission should give us directly the part of the source not covered). Therefore, changes in covering factor should produce variations in the depth of these lines. This is clearly shown in Figure 13 (upper left panel) were we present a model assuming a change in the covering factor from 40% to 70% (as reported in Turner et al. (2008) ). In Figure 13 (upper right and bottom panels) we present the normalized data for spectra 1x and 5x, and 7c, and 9c. It is clear that the absorption lines do not change significantly between these states, the variations are within the error bars. Any possible variations does not follow the expected direction In the bottom panel is plotted the opacity variation produced by a change in the ionizing flux by a factor of 2 in photoionization equilibrium (modelled with the PHASE code (Krongold et al. 2003) ). for a change in covering factor responsible for the flux changes. Rather, the data hints to a change where the absorption lines become deeper during the high states, as expected if the gas is responding to the changes in the continuum. The same comparison was performed among the Chandra data with a similar results.
The most striking result is obtained when comparing the NeIX absorption feature between Chandra observations. As it can be observed in Figure  14 , there is a significant change in the depth of NeIX transition, between observations 7c and 9c. This change can be easily understood as the response in ionization state of the gas in response to impinging flux. Furthermore, the change is exactly the opposite to the one expected if the changes in flux were produced by changes in the covering factor.
Therefore, the high resolution spectra do not support a scenario where the covering factor of the absorber is changing. This result is consistent with those of Mehdipour et al. (2010) , who reached the same conclusion using data models. Thus, both data and models suggest that the changes in flux are not due to changes in covering factor of the ionized absorber as suggested by Turner et al. (2008) . Rather, our analysis (using models and direct comparison of spectra) indicates that the changes in spectral features are consistent with opacity changes following flux variations.
Discussion
Location and Density of the Ionization Components
The time variability analysis of the ionized absorber can lead us to constrain the number density of the gas and thus break the degeneracy between this quantity and the distance to the continuum source. As shown by Nicastro et al. (1999) , the photoionization equilibrium time of a cloud of gas in response to variations in the ionized continuum is inversely proportional to the density of the cloud, according to the following formula: where t eq is the photoionization equilibrium time, T e is the electron temperature and α rec (x i ) is the radiative recombination rate coefficient (obtained from Shull & van Steenberg (1982) ) for the ions x i and x i+1 ). We have used the response times detected in §4.1 to constrain in the photoionization equilibrium timescale of the gas, and thus, in the density of the gas.
Phase MI Location
The ionization state of this component follows closely the flux changes. Thus, the photoionization equilibrium timescale must be smaller than the typical elapsed time between observations. Using observations 4c to 5x, we find t 1 =15.12 ksec (t 1 is defined as the time between observations 4c to 5x), thus t eq t 1 = 15.12 ksec.
Using the electronic temperature for this phase (T e = 9.8 × 10 4 K) and the recombination rates for OVII and OVIII, we find n e > 4.9 × 10 6 cm −3 . From the measured value of U 1 and the inferred luminosity of photons of the central engine (Q ∼ = 4.0 × 10 53 photons/s), this implies that the distance of component MI to the central source must be R M I < 3.4 × 10 17 cm or R M I < 0.11 pc. Kraemer et al. (2002) estimated the dust sublimation radius of NGC 3516 as R sub 2.7 × 10 17 cm, assuming a dust sublimation temperature of 1500 K. Thus, this component is marginally consistent with the dust sublimation radius. However, we note that in the torus wind model of Krolik & Kriss (2001) , the outflow must arise far beyond this radius, well into the "obscuring torus". (see Krongold et al. (2007) for a detailed discussion). Then, we consider more likely that this component arises from the accretion disk as suggested by Netzer et al. (2002) .
Phase LI Location
According with the response observed in the ionization degree of the phase LI, two different timescales can be estimated. First, during the recombination phase from observations 2x and 4c this phase does not reach photoionization equilibrium with the impinging flux (see Figure 9) . Therefore, t eq > 125 ksec, the time elapsed between these two observations. On the other hand, during the ionization episode between observations 5x and 6c, that lasted ∼ 50 ksec, this ab-sorbing component reached photoionization equilibrium with the source. We note that the different photoionization equilibrium timescales presented above are not incompatible with each other. Equilibration times are much larger during recombination phases than ionization ones. With these two constraints, and the electron temperature of this component T e,LI = 3.0 × 10 4 K, we find a density 7.8 × 10 5 cm −3 n e,LI 1.9 × 10 6 cm −3 . This in turn, imply that the distance of this component to the central source should be between 1.8 × 10 18 cm R LI 2.9 × 10 18 cm. This component is likely arising from the dusty torus, as suggested by Krolik & Kriss (2001) . However, we note that the flow might originate close to the region were we are observing it. Thus, a disk wind cannot be strictly ruled out.
Phase HI Location
The location of phase HI is more uncertain. The response timescale to the changes in the ionization flux should be greater than the duration of the low flux episode in the entire observation. From Figure 9 , the low flux episode lasted ∼ 200 ksec from observations 3c to 6c. Thus, the density for phase HI must be n e > 6.4×10 4 cm −3 (using a temperature of T e,HI = 4.5 × 10 5 K and FeXVIII and Fe XIX charge states). Therefore, the minimum distance to the central source for phase HI is R HI ∼ 4.0 × 10 17 cm, which is around ∼ 0.13 pc. The location of this component is consistent with a flow arising in the dusty torus, or a flow arising from the accretion disk, observed further out.
As explained in §4.1.1, the lack of variation in component VH cannot be used to obtain a reliable constrain on distance, given that at higher energies the flux variations are much smaller.
Does the absorber forms a multiphase medium?.
It has been suggested by several studies (e.g. Krongold et al. (2003 ; Cardaci et al. (2009) ) that the structure of ionized absorbers could be that of a multi-phase medium in pressure balance. A multi-phase medium requires absorbers with similar outflow velocities to avoid drag forces to destroy one of the components. Clearly, component MI cannot be part of the same flow as components LI and HI, as these components are located farther out from the central source and they have a much faster outflow velocity. However, components LI and HI have a similar outflow velocity and they may be located at a similar distance from the central source. Then, it is possible that this components indeed form a multi-phase medium.
In order to further study this possibility, the thermal equilibrium (S-curve) obtained for the spectral distribution (SED) in this analysis is plotted in Figure 15 . This curve presents the points where the gas temperature (logT) and pressure lie in thermal equilibrium. The gas pressure is inversely proportional to the quantity log(U/T), which can be directly derived in our analysis. Thus, two components can be part of a multiphase flow if they have different temperatures but similar log(U/T) values. Assuming solar metallicities (Z ) the S-curve for NGC 3516 ( Figure  15 ) is not multi-valued. Thus, it is not possible that these two components exist in pressure equilibrium.
However, the shape of the S-curve results very sensitive to external heating and cooling sources. Additional cooling can be produced by material with metallicities higher than the solar. In fact, in AGN, supra-solar metallicities are expected (e.g. Mihalszki & Ferland (1983 ) & Fields et al. (2007 ). A higher amount of cooling material creates an Scurve more vertical and together a possible "multiphase" system. With the goal to explore this possibility we present a model with 5 times solar metallicity (5Z ). Figure 16 shows that if the metallicity of the WA is higher than solar, then components LI and HI, could coexist in pressure equilibrium given that the pressure of both absorbers are in the same order of magnitude. As seen in the plot, for a metallicity 5Z , the difference between the gas pressure of these components is not significative.
Intrinsic Variability vs. Obscuration Scenarios for the Flux changes in NGC 3516
Two possible scenarios have been suggested to explain the observed variability in the X-ray emission of NGC 3516. The first one suggests intrinsic variations of the central source (Mehdipour et al. 2010) . In the second scenario, explored by Turner et al. (2008) and Markowitz et al. (2008) , they proposed that the variations are due to obscuration of the central source produced by near blobs of material, either ionized or neutral. In particular Turner et al. (2008) suggest that an absorbing component of ionized material (their "heavy absorber") presents a change in the covering factor, that is responsible for the observed flux variations. Such component would produce absorption by ions of OVIII and OVII (Turner et al. 2008 ). However, we could not find evidence of covering factor variations in the OVII-Kβ and OVIII-Kα lines ( Figure  13 ).
To further explored this possibility, we fit the spectra using a partial covering absorber. We note that partial covering is not required by the data, as a fit including it does not improve over a fit with fully covering absorbers (in agreement with Mehdipour et al. (2010) ). Nevertheless, based on Model C a partial covering was tested in all the possible combinations, including this factor in one, two and the three ionizing components, that imprint spectral features in the soft X-ray band.
The best solution found included partial covering in phase HI. However, the value of the covering factor is almost unity in all observations (see Table  12 ), and does not anti-correlate with the flux. An F-test indicates that varying the covering factor is not needed (confidence of 57% if we compare the model which does not include the covering factor and this model). Thus, our results do not support a scenario in which the covering factor of the warm absorbers is responsible for the flux variations. If these variation are indeed produced by obscuring material, this material should be located closer in than the warm absorbing components, as components LI and MI are responding to the observed flux variations.
Conclusions
We summarize our results as follows: 1. We modelled the nine X-ray 2006 data of XMM-Newton and Chandra. The best statistical model consists of a complex and variable continuum emission component, and also includes nine emission lines of different ionized species in the soft X-ray band. An additional emission line is required in the X-ray hard band, where the Fe-Kα emission line is present. The continuum emission is absorbed by four different ionized phases (warm absorbers): three of them produce features in the soft X-ray band and the fourth, with the highest ionization degree, only generates the Fe-Kα absorber complex detected in the 6.7 -7 keV range.
2. The ionization state of the two components with the lowest ionization degree (phases MI and LI) is responding to the changes in the ionizing continuum. The other two absorbing components (phases VH and HI) do not seem to react to the ionizing continuum variations.
3. The observed variations in the Fe M-shell UTA (produced by phases MI and LI) between observations 1x and 5x were found to be similar to what is expected for ionized material close to photoionization equilibrium.
4. The response timescale of the phases MI and LI allow us to constrain their location: for phase MI the location is R M I < 2.7×10 17 cm. For component LI, the location must be within the range 1.8 × 10
18 cm R M I 2.9 × 10 18 cm. For component HI, a lower limit to the location was derived: R HI 4.0 × 10 17 cm. The lack of variations in component VH cannot be used to find a reliable constraint on its location (see §4.1.1).
5. There is no evidence of a depth change in the main absorber transitions (OVII-Kβ, OVIII-Kα and Ne IX), as expected in a scenario were the covering factor is varying in the time.
6. Finally, if a solar metallicity is assumed (Z ), the absorbing components cannot be in pressure equilibrium. However, with higher metallicity values (5Z ) the S-curve becomes more vertical and then, it becomes possible that the absorbers HI and LI form a multi-phase medium. 
